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I INTRODUCTION 

Development work on t h e  L i q u i d  Phase Methanat ion  process commenced on A p r i l  25, 1972 
and was f i r s t  rev iewed i n  October,  1972 a t  t h e  4 t h  Annual P i p e l i n e  Gas Symposium. 
The development has proceeded i n  a v e r y  success fu l  manner. P r i o r  t o  rev iew ing  
these r e c e n t  accomplishments , t h e  b a s i c  Process and Program backyound  w i  11 be 
b r i e f l y  reviewed f o r  t irose a t tendees who a r e  n o t  f a m i l i a r  w i t h  the  techno logy .  

A. Process Background 

The L i q u i d  Phase Methanat ion Process i s  i d e a l l y  s u i t e d  t o  t h e  sa fe  and r e l i a b l e  
convers ion  of h i g h  concen t ra t i on  carbon monoxide streams t o  methane. The exo- 
the rm ic  heat  o f  reac t i on ,  wh ich  under a d i a b a t i c  c o n d i t i o n s  cou ld  t h e o r e t i c a l l y  
cause tempera ture  r i s e s  o f  about  170OoF i n  a non- recyc le  s i t u a t i o n  i s  e a s i l y  
removed by the  i n e r t  f l u i d i z i n g  l i q u i d  i n  a near  i so the rma l  system. Th is  i s  
ach ievab le  by e f f e c t i n g  t h e  he terogeneous ly  c a t a l y z e d  r e a c t i o n  o f  the feed gases 
i n  t h e  presence o f  an i n e r t  l i q u i d  phase which absorbs t h e  l a r g e  exo thermic  heat  
o f  r e a c t i o n .  The r e a c t i o n  proceeds t o  near  comple t ion  i n  a s i n g l e  pass and 
economic s tud ies  w i l l  d i c t a t e  whether a s i n g l e  s tage r e a c t o r  w i l l  be used o r  i f  
a p o l i s h i n g  r e a c t o r  shou ld  be u t i l i z e d  i n  t h e  f i n a l  design. 

F igu re  1 i l l u s t r a t e s  t h e  process i n  more d e t a i l .  
up f low th rough t h e  r e a c t o r  a t  a v e l o c i t y  s u f f i c i e n t  t o  bo th  f l u i d i z e  t h e  c a t a l y s t  
and remove t h e  r e a c t i o n  h e a t .  The low  BTU feed gas i s  passed c o c u r r e n t l y  up the  
r e a c t o r  where i t  i s  c a t a l y t i c a l l y  conve r ted  t o  a h i g h  concen t ra t i on  methane 
stream. 
hea t  and p a r t l y  by v a p o r i z a t i o n  (depending upon t h e  v o l a t i l i t y  o f  t he  l i q u i d ) .  
The overhead p roduc t  gases a r e  condensed t o  remove t h e  p roduc t  wa te r  and t o  r e -  
cover  any vapor i zed  l i q u i d  f o r  r e c y c l e .  
a heat  exchanger where t h e  h e a t  o f  r e a c t i o n  i s  removed by  genera t i ng  h i g h  pressure  
steam. Th is  a l s o  p rov ides  e x c e l l e n t  tempera ture  c o n t r o l  f o r  t h e  system. 

6 .  P r o j e c t  Background 

Development o f  t he  L i q u i d  Phase Methanat ion  Process i s  i n c l u d e d  w i t h i n  the  AGA/OCR 
j o i n t  program on s y n t h e t i c  n a t u r a l  gas p roduc t i on  f rom c o a l .  The development p ro-  
gram i s  d i v i d e d  i n t o  t h r e e  phases wh ich  have been proceed ing  i n  an ove r lapp ing  
manner. These a r e  reviewed below: 

The i n e r t  l i q u i d  i s  pumped 

The exothermic  r e a c t i o n  h e a t  i s  taken up by t h e  l i q u i d  ma in l y  as s e n s i b l e  

The main l i q u i d  f l o w  i s  c i r c u l a t e d  th rough 

Phase Ob jec t  
Percent 

Completion 

I E x p l o r a t o r y  Research and Development 100 
I 1  

111 

Cons t ruc t i on  and Opera t ion  o f  a La rge r  Scale Process Development 
U n i t  (PDU) 
Cons t ruc t i on  and Opera t ion  o f  a F u l l  Scale I n t e g r a t e d  P i l o t  P l a n t  

90 

40 

Complet ion of t h e  program i s  schedu led  f o r  June 30, 1975. 
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I 1  DESCRIPTION OF EQUIPMENT 

A. Bench Scale 

i 
15.' 

The bench s c a l e  r e a c t o r  i s  0.81" I . D .  x 48" l ong .  The nominal  f eed  gas r a t e  f o r '  
t h i s  u n i t  i s  30 SCFH, and i s  s u p p l i e d  f rom premixed h i g h  p ressu re  gas c y l i n d e r s .  
Except f o r  r e a c t i o n  temperature,  t h e  bench s c a l e  u n i t  i s  s u b s t a n t i a l l y  manua l ly  
opera ted  and . c o n t r o l l e d .  
commercial methanat ion  c a t a l y s t s ,  ground t o  a 16-20 mesh s i z e ,  wh ich  i s  compat ib le  
w i t h  t h e  sma l l  r e a c t o r  d iameter .  

8. Process Development Uni t  (PDU) 

The nominal  feed gas r a t e  f o r  t h e  u n i t  i s  1500 SCFH wh ich  i s  a sca le -up  of 50-100 
t imes t h e  bench s c a l e  u n i t .  The methanat ion  r e a c t o r  i s  4"  O.D.  x 84" h igh  and t h e  
c a t a l y s t  bed h e i g h t  can be v a r i e d  from 2 t o  7 fee t .  
o f  t h e  PDU i s  s i m i l a r  t o  t h e  bench sca le  u n i t .  
a re  sen t  t o  an i n c i n e r a t o r  where t h e y  a re  t h e r m a l l y  o x i d i z e d  t o  carbon d i o x i d e  and 
wa te r  p r i o r  t o  d ischarge t o  t h e  atmosphere. 
f o r  complete au tomat ic  c o n t r o l  and m o n i t o r i n g  from a remote c o n t r o l  room. 
t o r  i s  f i t t e d  wi th movable gamma r a y  d e t e c t o r  wh ich  i s  used t o  measure d e n s i t y  
d i f f e r e n c e s  between t h e  source ( r a d i o a c t i v e  m a t e r i a l )  and t h e  d e t e c t o r .  
manner we a r e  ab le  t o  a c c u r a t e l y  de termine t h e  h e i g h t  o f  t h e  f l u i d i z e d  c a t a l y s t  bed 
under v a r y i n g  r e a c t i o n  c o n d i t i o n s .  

The c a t a l y s t s  used i n  these s t u d i e s  were s tandard  

The b a s i c  des ign  and f l o w  scheme 
The p roduc t  gases, f o l l o w i n g  a n a l y s i s ,  

S u f f i c i e n t  i n s t r u m e n t a t i o n  i s  p rov ided  
The reac -  

I n  t h i s  

The o v e r a l l  o b j e c t i v e s  o f  t h i s  phase o f  t h e  program a r e :  

0 Determine e f f e c t  o f  a l l  process v a r i a b l e s  f o r  optimum performance. 
0 Determine da ta  needed f o r  r e l i a b l e  eng ineer ing  des ign  and c o s t  es t imates  

o f  1 a r g e r  p l a n t s .  
0 Determine c a t a l y s t  l i f e ,  recovery  and regenera t i on  methods. 
0 Determine l i q u i d  l i f e  and e f f e c t i v e n e s s .  
0 Determine whether r e a c t i o n  model c o r r e l a t i o n  i s  v a l i d  f o r  PDU performance. 

C. P i l o t  P l a n t  

The t h i r d  phase o f  t h e  l i q u i d  phase methanat ion  p r o j e c t  i s  t he  des ign ,  cons t ruc -  
t i o n  and o p e r a t i o n  o f  a l a r g e  p i l o t  p l a n t .  The b a s i c  o b j e c t i v e s  a re  t o  demonstrate 
the  process on a syn thes i s  gas a c t u a l l y  produced i n  a coa l  g a s i f i c a t i o n  process 
and o b t a i n  t h e  necessary des ign  and performance da ta  such t h a t  d e t a i l e d  des ign  and 
eng ineer ing  can be accomplished f o r  a f u l l  s i z e  (ca .  250 MM SCFD) coa l  g a s i f i c a t i o n  
p l a n t .  The r e a c t o r  des ign  i n  the  p i l o t  p l a n t  i s  2 '  d iamete r  by 15 '  long .  Th is  we 
fee l  i s  l a r g e  enough t o  p rov ide  adequate sca le -up  i n f o r m a t i o n  f o r  commercial s i z e d  
r e a c t o r s .  Again, t h e  des ign  i s  b a s i c a l l y  t he  same as f o r  t h e  PDU and bench s c a l e  
u n i t ,  b u t  obv ious l y  m o d i f i e d  and adapted f o r  t h e - l a r g e r  c a p a c i t y .  
s t a r t - u p  o f  t he  p i l o t  p l a n t  i s  June, 1975. 

The p i l o t  p l a n t  w i l l  be l o c a t e d  a t  t he  s i t e  o f  an e x i s t i n g  coa l  g a s i f i c a t i o n  p ro -  
cess. A t  t h i s  t ime,  t h e  two most l o g i c a l  p laces  a r e  t h e  IGT p l a n t  i n  Chicago o r  
t h e  CO Acceptor p l a n t  i n  Rapid City, South Dakota. 
b u i l d  5 skid-mounted u n i t  t h a t  c o u l d  be l o c a t e d  a t  e i t h e r  p lace  o r  a t  o t h e r  l o c a -  
t i o n s  where coa l  g a s i f i c a t i o n  processes a r e  under c o n s t r u c t i o n .  
mounted u n i t ,  i t  c o u l d  be operated a t  one s i t e  f o r  a p e r i o d  o f  t i m e  and then moved 
t o  another  l o c a t i o n  f o r  t e s t i n g  w i t h  syn thes i s  gas f rom another  coa l  g a s i f i c a t i o n  
process. 

The scheduled 

The des ign  concept i s  t o  

With a s k i d -  
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The des ign  o f  t h e  u n i t  i s  such t h a t  i t  can accommodate syn thes i s  gas feed  f rom any 
one o f  a number of processes. 
gas of  2 MM SCFD a t  1100 p s i g .  T h i s  i s  t he  maximum ou tpu t  o f  t he  I G T  Hygas p l a n t .  
The LPM process can a l s o  opera te  a t  lower p ressure  and, hence, Rapid C i ty  would 
hand le  t h e  l ower  p ressure  feed gas. 
SCFD and i s  a v a i l a b l e  a t  100 p s i g .  

The u n i t  w i l l  be designed t o  handle a maximum feed 

The syn thes i s  gas feed  t h e r e  i s  o n l y  0.6 MM 

I11 REACTION CORRELATING MODEL 

One o f  t he  goa ls  of  our  exper imen ta l  program i n  the  bench s c a l e  u n i t  was t o  develop 
t h e  necessary c o r r e l a t i o n s  f o r  use i n  t h e  u l t i m a t e  des ign  o f  l a r g e  commercial 
p l a n t s .  M i  t h  the  complex i ty  i n h e r e n t  i n  t h e  t h r e e  phase , g a s - l i q u i d - s o l i d  r e a c t i o n  
systems, many models can be p o s t u l a t e d .  As a background t o  how a r e a c t i o n  model 
was f i n a l l y  s e l e c t e d ,  t h e  p h y s i c a l  s i t u a t i o n  i n  the  t h r e e  phase system i s  b r i e f l y  
reviewed. 

1. The gas bubb les ,  a f t e r  e n t e r i n g  t h e  r e a c t o r ,  r i s e  due t o  convec t i on  and 
buoyancy. 
bubb le  mo t ion  acco rd ing  t o  i t s  v o i d  spacing and p a r t i c l e  s i z e .  

The r e a c t a n t s  a r e  t r a n s f e r r e d  f rom the  gas bubbles t o  t h e  b u l k  l i q u i d  th rough 
t h e  g a s - l i q u i d  i n t e r f a c e .  Cons ide ra t i on  o f  t he  r e l a t i v e  r e s i s t a n c e s  shows t h a t  
t h e  l i q u i d  f i l m  c o e f f i c i e n t  a t  t h e  g a s - l i q u i d  i n t e r f a c e  shou ld  be t h e  l e a s t  
e f f i c i e n t  mass t r a n s f e r  s tep  and t h a t  t h e  l i q u i d  phase c o n c e n t r a t i o n  a t  t he  gas- 
l i q u i d  i n t e r f a c e  i s  governed by  Henry 's  Law. 

The reac tan ts ,  a f t e r  d i f f u s i n g  f rom the  g a s - l i q u i d  i n t e r f a c e  t o  t h e  b u l k  l i q u i d ,  
a r e  convected by t h e  f l u i d  mo t ion  t o  t h e  l i q u i d - c a t a l y s t  i n t e r f a c e .  

i n t e r f a c e  shou ld  aga in  be governed by t h e  l i q u i d  f i l m  c o e f f i c i e n t .  

A f t e r  absorb ing  on t h e  c a t a l y s t  su r face ,  the  reac tan ts  undergo a c a t a l y t i c  s u r -  
face  r e a c t i o n .  

The r e a c t i o n  produc ts  desorb and a r e  t r a n s f e r r e d  back t o  t h e  gas bubbles 
accord ing  t o  Steps 4 t o  1. 

On the  o t h e r  hand, t h e  presence o f  a s o l i d  phase r e t a r d s  t h e  upward 

2. 

3. 

4. Mass t r a n s f e r  o f  t he  r e a c t a n t s  f rom the  b u l k  l i q u i d  across the  l i q u i d  c a t a l y s t  

5 .  

6 .  

As o u r  f i r s t  approach t o  t h e  model we cons idered the  c o n t r o l l i n g  s tep  t o  be one o f  
t h e  f o l l o w i n g  : 

0 The mass t r a n s f e r  f rom gas t o  l i q u i d .  
0 The mass t r a n s f e r  f rom l i q u i d  t o  c a t a l y s t .  
0 The c a t a l y t i c  su r face  r e a c t i o n  s t e p .  

The o t h e r  s teps  were e l i m i n a t e d  s i n c e  convec t ive  t r a n s p o r t  w i t h s  smal l  c a t a l y s t  p a r -  
t i c l e s  and h i g h  l o c a l  m ix ing  shou ld  o f f e r  v i r t u a l l y  no r e s i s t a n c e  t o  t h e  o v e r a l l  
r e a c t i o n  scheme. Mathematical  models were cons t ruc ted  f o r  each o f  these t h r e e  
steps. 

Our i n i t i a l  exper imenta l  r e s u l t s  i n d i c a t e d  t h a t  t h e  k i n e t i c  model - f i r s t  o rde r  
i n  l i q u i d  phase CO concen t ra t i on  --was the  l ead in9  cand ida te .  
exper imenta l  program then w i t h  t h i s  r e a c t i o n  model s p e c i f i c a l l y  i n  mind. 
i n t e g r a t e d  r a t e  express ion  (1) can be  w r i t t e n  2:: 

We designed an 
The 

'''Lee /ipiii.ndix f o r  i icni 'nclaturn.  



There fore  a p l o t  o f :  

shou ld  r e s u l t  i n  a s t r a i g h t  l i n e  through t h e  o r i g i n ,  where t h e  s lope k/KH (M/pL) 
i s  a d i r e c t  measure o f  the  c a t a l y s t - l i q u i d  p a i r  p r o d u c t i v i t y .  

Bench Scale Resu l t s  

We performed t h i s  type  o f  process v a r i a b l e  scan f o r  seve ra l  s e t s  o f  c a t a l y s t -  
l i q u i d  p a i r s .  A r e p r e s e n t a t i v e  example i s  shown i n  F igu re  2. I n  a l l  cases, t h e  
da ta  suppor ted  t h e  proposed mechanism. 
temperature on the  k i n e t i c  r a t e  cons tan t ,  and a t y p i c a l  A r rhen ius  p l o t  i s  shown 
i n  F igu re  3. The a c t i v a t i o n  energy c a l c u l a t e d  f o r  a l l  o f  t h e  systems run  i n  t h e  
bench s c a l e  u n i t  f e l l  w i t h i n  18,000 t o  24,000 ca l /gm mole.  

Data c o l l e c t e d  (see F igu re  4 )  d u r i n g  these process v a r i a b l e  scans i n d i c a t e d  t h a t  
a l a r g e r  than expected amount o f  C02 was a l s o  b e i n g  formed. S e l e c t i v i t y  t o  CO 
reached a maximum o f  5-10% a t  about 90-95% CO convers ion .  A t  h i g h e r  convers io$s ,  
t h e  CO l e v e l  i s  reduced e i t h e r  by reve rse  s h i f t  and subsequent methanat ion o f  CO, 
o r  by g i r e c t  methanat ion  o f  C02. T h i s  s e l e c t i v i t y  t o  CO can be e l i m i n a t e d  by 
co feed ing  smal l  amounts o f  CO (3-5%). Since m u l t i p l e  C8 absorbers a r e  r e q u i r e d  
i n  t h e  commercial SNG p l a n t ,  gne o r  more cou ld  be r e l o c a t g d  downstream o f  t h e  
methanat ion s tep .  Th is  cou ld  o f f e r  some economic advantages s i n c e  CO abso rp t i on  
would now occu r  a t  h i g h e r  concen t ra t i on  and pressure  and lower  t o t a l  {as f l ow .  

I n  a d d i t i o n ,  we examined the e f f e c t  o f  

Process Development U n i t  Resu l ts  

Work i n  the  PDU l a r g e l y  p a r a l l e l e d  t h e  bench s c a l e  r e a c t o r  t e s t s ,  w i t h  one impor -  
t a n t  a d d i t i o n  - ex tens i ve  three-phase f l u i d i z a t i o n  s t u d i e s .  
mentioned, t h e  PDU i s  equipped w i t h  a t r a v e r s i n g  gamma r a y  d e n s i t y  d e t e c t o r ,  
capable o f  measur ing t h e  bed d e n s i t y  w i t h i n  kO.01 s p e c i f i c  g r a v i t y  u n i t s .  
manner we were n o t  o n l y  ab le  t o  measure and c o r r e l a t e  f l u i d i z e d  bed expansion as 
a f u n c t i o n  o f  l i q u i d  and gas v e l o c i t i e s  and p h y s i c a l  p r o p e r t i e s  b u t  we were a l s o  
ab le  t o  determine t h e  i n d i v i d u a l  phase volume f r a c t i o n s .  The two major  f i n d i n g s  
o f  t h i s  work were (see F igu re  5 ) ;  (1) the  abso lu te  va lues  f o r  t h e  gas holdup a r e  
3-4 t imes g r e a t e r  than the  inc rementa l  p o r o s i t y  i nc rease  due t o  the  gas f l o w  a t  
cons tan t  l i q u i d  f l o w ,  and ( 2 )  t h e  gas ho ldup i s  e s s e n t i a l l y  independent o f  l i q u i d  
v e l o c i t y  f o r  1.3 U I n  a d d i t i o n ,  t h e  da ta  f o r  a l l  t h e  c a t a l y s t s  
i n d i c a t e d  t h a t  them$aximbm gas voyume f r a c t i o n  o b t a i n a b l e  was on the  o rde r  o f  0.5- 
0.6. 

React ion s tud ies  were c a r r i e d  o u t  i n  the  PDU i n  o r d e r  t o  ve r i f , y  t he  c o r r e l a t i n g  
model developed i n  the  bench sca le  u n i t .  Th i s  p rov ides  da ta  a p p l i c a b l e  t o  t h e  
scale-up des ign  r e q u i r e d  f o r  t h e  p i l o t  p l a n t ,  and u l t i m a t e l y ,  t h e  commercial u n i t .  
The i n i t i a l  work i n  the  PDU was performed w i t h  p a r t i c l e s  much l a r g e r  (1/8"-3/16")  
than those used i n  t h e  bench sca le  u n i t  (<1/32") ,  and t h e  r e a c t i o n  r a t e s  f o r  

As we have p r e v i o u s l y  

I n  t h i s  

< U < 2.5  U f . 
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these l a r g e r  p a r t i c l e s  were about  o n e - t h i r d  the  r a t e s  ob ta ined  w i t h  the  s m a l l e r  
size p a r t i c l e s  (compare F igures 2 and 6 ) .  I n  a d d i t i o n ,  t h e  a c t i v a t i o n  energy ob- 
t a i n e d  w i t h  t h i s  da ta  was on the o r d e r  o f  11,000 cal/gm mole; j u s t  about o n e - h a l f  
t h e  va lue  ob ta ined  i n  the bench u n i t  (compare F igures 3 and 7 ) .  
suggested t h a t  we were encoun te r ing  p o r e  d i f f u s i o n  l i m i t a t i o n s ,  and we a t tempted 
t o  v e r i f y  t h i s  r e s u l t  by i n v e s t i g a t i n g  s t i l l  s m a l l e r  p a r t i c l e s  (1 /16 " ) .  
t he  r e a c t i o n  r a t e s  increased s i g n i f i c a n t l y ,  as they  should,  t he  a c t i v a t i o n  energy 
remained e s s e n t i a l l y  unchanged, i n d i c a t i n g  t h a t  we were s t i l l  i n  t he  pore d i f f u -  
s i o n  regime. Therefore,  we can s t i l l  f u r t h e r  i nc rease  p r o d u c t i v i t y  by s imp ly  r e -  
duc ing  p a r t i c l e  s i z e .  Th is  shou ld  n o t  be t o o  d i f f i c u l t  s i n c e  1/32"  p a r t i c l e s  a r e  
a l r e a d y  being used i n  analogous commercial systems. The u l t i m a t e  p r o d u c t i v i t y  
o b t a i n a b l e  has n o t  y e t  been a c c u r a t e l y  e f i n e d ,  a l t hough  we are c o n f i d e n t  t h a t  a 
vapor h o u r l y  space v e l o c i t y  o f  4000 hr-P a t  1000 p s i g  and 650OF w i t h  a feed con- 
t a i n i n g  20% CO, 60% H and 20% CH shou ld  r e s u l t  i n  a CO convers ion o f  95-98%. 
One should bear i n  mizd t h a t  thesa r e s u l t s  do i n  f a c t  c o n f i r m  the  f i r s t  o r d e r  
r e a c t i o n  r a t e  model proposed as a r e s u l t  o f  the e a r l i e r  bench s c a l e  r e s u l t s .  
Fu tu re  work w i l l  concentrate on the  e f f e c t  o f  a x i a l  d i s p e r s i o n  a r i s i n g  f rom the 
v a r y i n g  geometr ies encouctered d u r i n g  scale-up and on de te rm in ing  the optimum 
p a r t i c l e  s i z e  f o r  t he  commercial u n i t .  

These r e s u l t s  

While 

I n  an at tempt  t o  d e f i n e  u s e f u l  c a t a l y s t  l i f e ,  we have conducted cont inuous runs o f  
2 and 4 weeks d u r a t i o n .  These r e s u l t s  have been encouraging i n  t h a t  a f t e r  an i n i -  
t i a l  p e r i o d  of  d e a c t i v a t i o n  o v e r  t h e  f i r s t  50-100 hours (common w i t h  n i c k e l  hydro-  
genat ion c a t a l y s t s ) ,  the c a t a l y s t  reaches an e q u i l i b r ' u m  p r o d u c t i v i t y  i n  excess o f  

Cons ider ing  these r e s u l t s ,  and o u r  s u b s t a n t i a l  exper ience w i t h  a l l  types o f  ca ta -  
l y s t s ,  we have eve ry  reason t o  b e l i e v e  t h a t  a c a t a l y s t  l i f e  i n  excess o f  one y e a r  
can be achieved a t  which p o i n t  c a t a l y s t  replacement cos ts  a re  i n s i g n i f i c a n t  on 
o v e r a l l  SNG economics . 

Based on t h i s  p a s t  work and ongo ing  exper iments ,  we f e e l  t h a t  t he  L i q u i d  Phase 
Methanat ion  process promises t o  become an economic, r e l i a b l e  and v e r s a t i l e  means 
o f  c o n v e r t i n g  syn thes i s  gas m i x t u r e s  t o  h i g h  BTU gas. Chem Systems b e l i e v e s  t h i s  
techno logy  t o  be a key s tep  i n  t h e  t r a n s f o r m a t i o n  o f  f o s s i l  feeds t o  p i p e l i n e  gas 
and we look  fo rward  t o  i t s  success fu l  a p p l i c a t i o n  i n  commercial c o a l  g a s i f i c a t i o n  
p l a n t s .  

our o r i g i n a l  des ign bas i s  o f  a VHSV equa l  t o  4000 h r -  1 a t  1000 p s i g  and 65OoF. 

I V  CONCLUSIONS 
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Gas Phase Volume F r a c t i o n  

Bed P o r o s i t y ;  L i q u i d  Only F l u i d i z i n g  

Bed P o r o s i t y ;  L i q u i d  and Gas F l u i d i z i n g  

Gas Flow Rate a t  any P o s i t i o n ;  g moles/sec 

React ion  Rate Constant;  g moles/sec-gm c a t a l y s t - ( g  mole/cm ) 
Henry 's  Law C o e f f i c i e n t ;  atm/mole f r a c t i o n  

L i q u i d  Phase Mo lecu la r  Weight; gm/g mole 

L i q u i d  Phase Dens i t y ;  gm/cm 

T o t a l  Pressure;  atm 
L i q u i d  Phase Vapor Pressure; atm 

Temperature, O K  

Minimum F l u i d i z a t i o n  V e l o c i t y ;  cm/sec 

S u p e r f i c i a l  Gas V e l o c i t y  a t  Reactor T and PT; cm/sec 
Weight o f  Ca ta l ys t ;  gms 

F r a c t i o n  o f  CO Converted 

3 

3 
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FIGURE I 
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